Chemical, Physical and Psycho-Social Urban Stressors: Francesco TOMEI, et al. Department of Occupational Medicine, University of Rome "La Sapienza", Italy-The aim of this study was to evaluate whether traffic police officers exposed to chemical, physical and psycho-social stressors, are at risk for alterations in plasma levels of prolactin (PRL) compared to a control group. Plasma PRL levels were evaluated in 92 male and 51 female, non-smoker, traffic police officers exposed to urban stressors and in 92 male and 51 female controls, matched by sex, age and working life (mean, SD and distribution), after excluding workers with the principal extra-occupational confounding factors. Mean PRL levels were significantly higher than controls in non-smoker, male and female traffic police officers (respectively, p=0.000 and p=0.013). The number of non-smoker, male and female traffic police officers with PRL values outside the upper normal limit for our laboratory was higher than, but not significantly different from controls. Mean PRL levels were not significantly higher than controls in smoker, male and female traffic police officers. The number of smoker, male and female traffic police officers with PRL values outside the normal limit for our laboratory was not significantly different from controls. The results suggest that exposure to urban chemical and physical stressors, interacting with psychosocial factors, may have an influence on PRL levels in traffic police officers. The level of plasma PRL might be a useful early biological marker for workers exposed to urban stressors. (J Occup Health 2006; 48: 253-260) 
Prolactin (PRL) is a proteic hormone, synthesised and secreted mainly by the lactogenic cells of the adenohypophysis. This hormone has more than 300 different biological actions on the nervous, endocrine and immune systems 1, 2) . Several studies in the literature have shown that urban workers, such as traffic police officers, are daily exposed to chemical (air pollutants), physical (e.g., noise) and psycho-social stressors [3] [4] [5] [6] [7] [8] [9] . For these workers, the working environments correspond to the life environment of the general population.
The results of our previous studies have indicated that besides the well known effects on the cardiovascular and respiratory systems caused by the exposure to air pollutants 10, 11) , there are also effects on the hypothalamicpituitary-adrenal (HPA) axis and related systems, resulting from chronic exposure to chemical and physical stressors [12] [13] [14] [15] [16] [17] [18] . On the basis of the results of these studies, the tested neuro-hormones, growth hormone (GH), insulinlike growth factor type 1 (IGF-1), adrenocorticotropic hormone (ACTH), 5-hydroxyindoleacetic acid (5-HIAA), cortisol (CORT) and vasopressin (VP) might be useful early biological markers of stress and stress-related factors. Indeed, the changes of these neuro-hormones would be indicative of a HPA system response to chemical and physical urban stressors interacting with and adding to the psycho-social ones [12] [13] [14] [15] [16] [17] [18] . Studies in the literature have proposed that certain urban chemical stressors may alter plasma levels of prolactin (PRL). These agents are benzene, xylene, styrene, toluene [19] [20] [21] [22] [23] [24] [25] , lead and manganese [26] [27] [28] [29] [30] [31] ozone 32) and other contaminants 33) . In addition to these, physical stressors such as traffic noise might impair the prolactin plasma levels [34] [35] [36] . In fact, it is well known that personal exposure to pollutants from direct exposure to traffic fumes, as experienced by some categories of outdoor workers, such as traffic police officers, may be considered higher than personal exposure of indoor workers (particularly in Italian cities) 37) . For this reason, in traffic police, we have already evaluated, in previous researches, the following parameters: urinary S-phenilmercapturic acid, trans-trans muconic acid, pyrenol acid; environmental and blood benzene; sister chromatid exchanges (SCE) and micronuclei (MN) in peripheral blood lymphocytes; and antibodies to the benzo(a)pyrene (BaP) diol exposide-DNA adducts in sera. In particular exposure dosages to benzene (time weight average, TWA) (mean 10.7 and 3.6 µg/m 3 , respectively) and toluene (mean 40.7 and 13.5 µg/m 3 , respectively) were significantly higher among traffic police officers than indoor workers [38] [39] [40] [41] . Besides the above mentioned urban pollutants, it is known that traffic police officers are exposed to psychosocial stressors. One of our previous researches has ascertained, through the compilation and elaboration of a questionnaire, a greater subjective stress in traffic police officers compared to a control group. Sources of psychosocial stressor for the traffic police officers may be relations with the public, exposure to episodes of criminality, and the need to maintain high levels of services in various contexts 6) . Although unleaded petrol has been introduced, a mixed regime existed in Italy at the time of this study (use of leaded and unleaded petrol). Moreover, it is probable that anti-knocking additives containing manganese and nickel are present in fuels, and the use of unleaded petrol may be the cause of the increase in benzene in the urban atmosphere.
The aim of this study was to evaluate whether traffic police officers exposed to chemical, physical and psychosocial stressors, are at risk for alterations in plasma levels of PRL compared to a control group.
Materials and Methods
The research was carried out on a initial sample of 973 Municipal Police employees: 598 traffic police officers and 375 controls.
The traffic police officers exposed to urban pollutants worked on parking control, control of access openings to limited-traffic areas, and control of crossroads or roads with heavy traffic. Subjects with indoor activities such as administrative and bureaucratic duties, with a lower level of exposure, were used as the control group. Traffic police and controls worked 7 h/d for at least 5 d/wk. In the initial sample there were no workers reporting working night or rotating shifts.
For the inclusion into the study a questionnaire with physiological anamnesis (pharmacological therapies, use of paints, pesticides and solvents during time off, smoking habit i.e. number of cigarettes smoked, years of subjection to the habit, drinking habit i.e. number of glasses of wine, beer or spirits drunk per day), remote and near pathological anamnesis and previous and current working history, also including the confounding factors reported below was collected for all workers, in the presence of a physician.
In order to avoid the influence of confounding factors, excluded from the study were any worker who answered affirmatively to items related to the following: drinking habit (number of glasses of wine, beer or spirits drunk per day); previous and/or current gynaecological pathologies (ovarian polycystosis, hyster-adnexectomy, uterine fibromas, uterine myomectomy, fibroadenomas, cysts and nodules of the mammary gland) 42) ; previous and/or current endocrinologic pathologies (thyroid nodules, thyroidectomy, thyroiditis, hyperthyroidism and hypothyroidism pathologies, adenohypophysis pathologies) 43) ; recent use (during the six months preceding the sample), of drugs capable of altering plasma levels of PRL (i.e. methimazole, thyroxin, medicaments w i t h a n e s t r o g e n i c c o n t e n t , b r o m o c r i p t i n e , benzodiazepine, oral contraceptives) 44, 45) . Subjects reporting exposure to solvents, paints and pesticides during time-off or other previous or current jobs were excluded 30) . There were no pregnant women or nursing mothers in the initial sample; these are conditions in which PRL is physiologically increased 2) . Women aged over 50 were excluded from the study because the hypoestrogenic state occurring during menopause causes a physiological reduction in plasma levels of PRL 46) . Thus 230 traffic police officers and 198 controls were excluded from the study.
Workers who reported a smoking habit (158 traffic police officers and 101 controls) were evaluated separately to verify the hormonal effects of tobacco smoke on PRL levels of workers of both sexes 47) . In the non-smoker group, traffic police officers were matched for sex, age and working life (mean, SD and distribution), with controls. Two hundred and eigthy six subjects were included in the non-smoker group: 143 traffic police officers (92 men and 51 women, Tables 1  and 2 ) and 143 controls (92 men and 51 women, Tables  1 and 2 ).
The breakdown of the workers by sex was necessary in view of the greater sensitivity to both physiological and pathological stimuli of the response of PRL in women, compared to men 48) . In the smoker group, traffic police officers were matched for sex, age and working life (mean, SD and distribution) with controls. One hundred sixteen subjects were included in the smoker group: 58 traffic police officers (37 men and 21 women, Table 1 and Table 2 ) and 58 controls (37 men and 21 women, Table 1 and  Table 2 ).
Also, non-smoker, male and female traffic police officers were matched for sex, age and working life (mean, SD and distribution) with smoker, male and female controls, respectively (Table 1 and Table 2 ).
All the subjects agreed to the processing of their personal data, declared that they were aware that the data came within the category of "sensitive data", and agreed for the data arising from the study to be processed anonymously and collectively, with methods and scientific purposes in accordance with the principles of the Helsinki Declaration. All the workers included in the study gave venous blood samples which were assayed by RIA for PRL. The normal ranges of this assay used in our laboratory are 5-15 ng/ml for men and 5-25 ng/ml for women.
A l0-ml sample of venous blood was taken from each worker, between 8 and l0 a.m., after overnight fasting. Samples were kept at the workplace in a refrigerator at -4°C until they were moved to the laboratory (by refrigerator), where they were immediately centrifuged to obtain serum, which was kept at -20°C until it was analysed (within 3 d).
The laboratory did not know which patients were included in the trial, although physicians and technicians knew a study was in progress.
For the methodological organization of data collection and for the preparation of the clinical anamnestic questionnaire, specific socio-communicative competences related to the development of tools suitable for the collection of information and analysis data were used.
Statistical Analysis
Statistical analysis of the data was based on the calculation of the mean, standard deviation, distribution, range and frequency according to the nature of the single variables.
The differences between the means were compared using Student's t test for the unpaired data. The frequencies of the single variables were compared using the chi-square test with Yates' correction setting up a fourway contingency table and Fisher's exact test setting up a four-way contingency table. Fisher's exact test was used when the total was less than 40 and the smallest of the four expected values was less than 5.
The differences were considered significant when the p values were ≤0.05.
The statistical analysis was done using the statistical program Solo-BMDP TM Statistical Software.
Results
In the non-smoker group mean PRL levels were significantly higher than controls in male traffic police officers (p=0.000) ( Table 1 ). In the non-smoker group mean PRL levels were significantly higher than controls in female traffic police officers (p=0.013) ( Table 2 ).
The number of male traffic police officers with PRL values outside the upper normal limit for our laboratory was higher than, but not significantly different from controls (p=n.s.) ( Table 1) .
The number of female traffic police officers with PRL values outside the upper normal limit for our laboratory was higher than, but not significantly different from controls (p=n.s.) ( Table 2) .
The resulting ratio of the average PRL values between non-smoking, male and female workers was 1: 1.8.
In the smoker group there were no significant differences in mean PRL values in male (Table 1) and   female (Table 2 ) traffic police officers compared to controls. Similarly no significant differences were found in the numbers of male and female traffic police officers with PRL values outside the normal limit for our laboratory compared to controls (Tables 1 and 2) .
The mean PRL value in male, non-smoker traffic police officers was significantly higher than male, smoker traffic police officers (p=0.038) ( Table 1) .
The mean PRL values in female, non-smoker traffic police officers was significantly higher than female, smoker traffic police officers (p=0.033) ( Table 2 ).
The number of male, non-smoker traffic police officers with PRL values outside the upper normal limit for our laboratory was significantly higher than male, smoker traffic police officers (p=0.033) ( Table 1) .
The number of female, non-smoker traffic police officers with PRL values outside the upper normal limit for our laboratory was higher than, but not significantly different from female, smoker traffic police officers (p=n.s.) ( Table 2) .
Discussion
Considering that the principal confounding factors were excluded, and that the subjects investigated were matched by sex, age and working life, the data suggest the possibility that exposure to chemical urban pollutants 21 , 24, 26, 27, 30) , in particular, can alter plasma PRL levels, in addition to traditional psychosocial stressors.
The City Police operators studied were exposed, for 7 h a day for 5 d a week, to different stressors compared to the subjects who worked indoors. In particular, as far as chemical agents are concerned, in our previous studies we found levels of exposure to benzene (mean 7 h), a little less than l0 mg/m 3 in traffic police officers and about three times lower in controls 38, 39) . In this study we didn't measure directly chemical and physical pollutants affecting the population study; therefore the results should be interpreted with the caution and conservatively. However, it can be assumed that chemical and physical stressors had an effect on the HPA-axis, and therefore on secretion of PRL, in the asymptomatic traffic police officers studied, and that they interacted with psychosocial ones 49) . The results obtained suggest the following considerations:
1. The fact that there was a significant difference between mean plasma PRL values of non-smoker traffic police officers and controls of both sexes suggests that this difference may be of some clinical relevance even when the mean is "numerically normal".
2. The fact that the number of non-smoker, male and female, traffic police officers with PRL values outside the upper normal limit for our laboratory was higher than, but not significantly different from controls, suggests that those modifications should be considered valid even if the deviation is not as wide as is often found in medical pathology (as microprolactinomas).
Accordingly, PRL might be used in occupational settings as an early biological marker valuable for the group, even before the onset of diseases.
Our results confirmed that the smoking habit can alter plasma concentrations of PRL. The finding of our study that PRL levels were significantly lower among smoker traffic police officers of both sexes might be correlated to the action on PRL secretion of some substances in smoke. Animal and human studies, have shown the effect of tobacco smoke on PRL secretion in both sexes 47) . Nicotine and other substances contained in smoke can cause inhibition of PRL secretion, probably through action on the tubero-infundibular dopaminergic neurons, inducing an increase in the secretion of dopamine 50, 51) . Our results confirmed that this inhibition annuls differences between PRL values in smoker traffic police officers and in controls of both sexes.
In contrast to what is seen with all the other pituitary hormones, PRL secretion is tonically suppressed by the hypothalamus; PRL is secreted only when this inhibition is released. Dopamine is the major PRL-inhibiting factor. It is secreted into portal blood by hypothalamic neurons and binds with the receptors on lactotroph cells, exerting its inhibition on both the synthesis and secretion of PRL. Agents and drugs that interfere with dopamine secretion or receptor binding lead to enhanced secretion of PRL. PRL secretion is regulated by other mechanisms in addition to tonic inhibition by dopamine. Several hormones positively regulate PRL secretion, including thyroid-releasing hormone, gonadotropin-releasing hormone, vasoactive intestinal polypeptide, and estrogens exert a positive control over PRL synthesis and secretion 52) . The mechanisms giving rise to a change of PRL levels are complex and not fully elucidated. An increase in plasma PRL following occupational exposure to urban pollutants might be due to dopaminergic depletion of the hypothalamic neuron structures (TIDA: tuberoinfundibular dopaminergic neuron population) [53] [54] [55] [56] [57] . Pollutants might therefore act as stressors on the HPAaxis with TIDA as its target. According to the literature, the increase in PRL concentrations observed in our study might have been derived mainly from an indirect "dopamine-depletion" mechanism. Assuming this was true, pollutants might play a role even in psychiatric pathologies where there is also depletion of the hypothalamic dopamine (as in mood disturbances) [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] .
The ratio of about 1:1.8 between the PRL values of male and female non-smokers might indicate a different role for PRL in women, from that in men 48) . On this subject some authors have speculated that different role might contribute to the greater prevalence of certain types of mood disturbance in females 48, 69) .
The neuro-endocrine system of traffic police officers is exposed to the action of many occupational stressors, among which traffic noise plays an important role. Our recent study showed an increase in PRL after acute exposure to noise 34) . Recently, it has been shown with rats that subchronic noise exposure was able to induce a significant increase in PRL levels and marked changes in the physiological response to a novel acute stressor (ozone), indicating a changed physiological status 35) . Reports in the literature about chronic exposure to noise are conflicting. It might therefore be supposed that the combination of chronic exposure to air pollutants and noise can cause an increase in plasmatic PRL values 36) . It is possible that urban pollution can interact with psychosocial stressors and that chemical, physical and psychosocial agents can alter the neuroendocrine system.
Reports in the literature point out that the PRLsecretory response differs depending on the nature of stress leading to a difficulty in defining a univocal model of action for the different environmental stressors 2) . In conclusion, it is possible that an increase in plasma PRL concentration could be a useful early biological marker of exposure to urban stressors, usable in an occupational setting. Such changes might be regarded as early biological markers of risk for the general population exposed to environmental stressors, too, even if the ways and times are different from those of working populations, such as traffic police officers. 
